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TWO -DIMENSIONAL WIND-TUNNEL INVESTIGATION OF 

0 .20-AIRF0I L-CHORD PLAIN AILERONS OF DIFFERENT 

CONTOUR ON AN NACA 65 -, -210 AIRFOIL SECTION 

By William J. Underwood, Albert L. Bras low 
and Jones F. Cahill 


SUMMARY 


An investigation was made of three interchangeable 
sealed-gap 0 . 20 -airf oil-chord plain ailerons of different 
contour on the NACA 65-5 -210 airfoil section. The three 
aileron contours tested were the true airfoil contour, 
straight si des, and a beveled trailing edge. The effects 
of aileron contour on the section aerodynamic character- 
istics of the airfoil and aileron are presented herein. 

The results of the tests indicated that thickening 
or beveling the aileron trailing edge by the amount 
investigated would decrease the aileron effectiveness, 
the rate of change of section lift coefficient with 
section angle of attack, and the maximum section lift 
coefficient; would increase positively the rate of change 
of section hinge -moment, coefficient with both section 
angle of attack and aileron deflection; would shift the 
aerodynamic center forward; and y;ould cause no signifi- 
cant change in the section profile-drag coefficient with 
aileron neutral or in the increment of section pitching- 
moment coefficient induced by aileron deflection at 
constant lift. The balancing action of the aileron and 
the . los-s. in jailer on effectiveness caused by beveling the 
trailing edge were accentuated by the application of 
standard- leading -edge roughness to the airfoil. The 
computed characteristics of the three -eealad. internally 
balanced" ailerons , based on the data for the hinge- 
moment and seal-trresaure- difference coefficients of 
plain -ailerons , showed an appreciable effect of aileron 
contour on the hinge moments at. the larger aileron deflec- 
tions even though all thre-e- ailerons w/ers computed to 
have the -- 3 ame hinge -momm t slope at small aileron -deflec- 
tions . 
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INTRODUCTION 


The use of thin airfoil sections to delay the effects 
of compressibility on the wings of modern high-performance 
airplanes has emphasised the need for data on the aero- 
dynamic characteristics of ailerons on thin airfoils. The 
effects of aileron contour on the aerodynamic character- 
istics of ailerons have been shown previously by investi- 
gations of a limited number of airfoils equipped with 
control surfaces. Since very little section aerodynamic 
data are available for ailerons on thin NACA 6-series 
airfoils, tests were made of an NACA 65 i -210 airfoil 
equipped with three interchangeable sealed-gap 0.20-airfoil 
chord plain ailerons of different contour. 

The investigation was made in the Langley two- 
dimensional low-turbulence pressure tunnel. The three 
ailerons tested differ only in contour and are designated 
herein as true-contour, straight -sided, and beveled 
ailerons. The hinge moments and effectiveness of the 
aileron and the pitching -moment and profile-drag char- 
acteristics of the airfoil were determined. Tests were 
made wi t h the airfoil s urf ace aero dynami c a 1 ly smooth and 
with standard roughness applied to the leading edge of 
the airfoil. The differential pressures across the 
aileron seal were obtained for use in calculating the 
hinge-moment characteristics of ailerons having any 
amount of sealed internal balance. 


COEFFICIENTS AND SYMBOLS 


The coefficients and symbols used herein are as 
follows : 


airfoil section lift coefficient 



c^ airfoil section profile-drag coefficient 




airfoil section pitching -moment coefficient about 
quarter -chord point 
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Ap/q r 


'h 


seal-pressure-difference coefficient; positive 
when pressure below seal is greater than 
pressure above seal 

aileron section hinge -moment coefficient based 

/ h \ 


on aileron chord 


\ q o c a 


2 


'H 


aileron section hinge -moment coefficient based 


on airfoil chord 


(-V) 

V% c / 


where 


l 

d c 

m 

h 


'a 


V 

0 


'o 

and 

on 


airfoil 

airfoil 

airfoil 

aileron 

when 

chord of 

chord of 


lift per unit span 

profile drag per unit span 

pitching moment per unit span 

hinge moment per unit span; positive 
aileron tends to deflect downward 

airfoil with aileron neutral 

aileron behind hinge axis 


f ree-stream 

free- s bream 
f ree-s treavn 


dynamic pressure 

velocity 

density 



V 


o 



airfoil section angle of attack, degrees 

aileron deflection with respect to airfoil, 
degrees; positive when trailing edge is 
deflected downward. 


R Reynolds number 
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k 



a Q 


r *« 0 \ 


S a 


i 


aileron section effectiveness parameter 


Aa 0 

* 5 a 


increment in 
increment in 


airfoil section angle of attack 
aileron deflection 



aileron section effectiveness parameter 
(ratio of increment of airfoil section 
angle cf attack to increment of aileron 
deflection required to maintain con- 
stant lift coefficient) 
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c h, 


T> 


total — — in steady roll 
do a 


n 


response parameter (reference 1) 



increment in aileron section hinge -moment coef- 
ficient due to aileron deflection at a constant 
section angle of attack 



increment, of aileron section hinge-moment, coef- 
ficient due to change in section angle of 
attack at constant aileron deflection 



increment of total aileron section hinge -moment 
coefficient in steady roll 


ACf-Tm 

1 — aileron section hinge -moment parameter 

A a o/ 


The subscripts to partial derivatives denote the 
variables held constant when the partial derivatives 
were taken. The derivatives were measured at zero angle 
of attack and zero aileron deflection. 


MODEL 


The model had a 2lL-inch chord and a 35 .'y-inoh. span 
and w as constructed of laminated mahogany with the excep- 
tion of the interchangeable ailerons, which were constructed 
of solid dural (fig. 1). Ordinates of the NACA 65-.-2LC air- 
foil section are given in table I. 

The three aileron shapes tested are shown in figure 2 
and consist of the true airfoil contour, straight sides, 
and a beveled trailing edge. The ordinates of the true- 
contour aileron were the same as the ordinates given in 
table I for the trai ling-edge part of the NACA 65 ^ -210 air- 
foil section. The contours of the straight-sided and 
beveled ailerons were formed by straight lines as shown 
in figure 2. A rubber seal was used at the gap at the 
nose of the aileron. 

For the tests i of the smooth airfoil, the model was 
finished with No. b.00 carborundum paper to produce aero- 
dynamic ally smooth surfaces. For the tests of the air- 
foil with standard leading-edge roughness, the model 
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surfaces were the same as those of the smooth airfoil 
except that 0.011-inch carborundum grains were applied 
to both surfaces at the leading edge over a surface 
length of C.OSc measured from the leading edge. This 
roughness is defined in reference 2 as the standard 
roughness for a 2i|.-inch-chord model. 


APPARATUS AND TESTS 


The lift, drag, and pitching moment of the model 
were measured by the methods described in reference 2. 

The aileron hinge-moment measurements were made with 
electrical-resistance strain gages mounted on the beams 
that supported the aileron. This method of mounting 
eliminated the possibility of friction due to the use of 
hearings at the aileron hinge axis. The pressure dif- 
ference across the aileron seal was measured with surface 
static-pressure orifices located inside the gap above 
and below the flexible rubber seal. 

Tests of the model with each of the three ailerons 
we re made in the Langley two-dimensional low? turbulence 
pressure tunnel at Reynolds numbers of 1 x 10' and 
9 x 10° and at Mach numbers of 0.07 and 0.17, respec- 
tively. The tests included measurements of lift, aileron 
hinge moment, aileron balance pressure, and airfoil 
pitching moment for each aileron deflected in incre- 
ments of 5 0 between -20° and 20°. Drag measurements 
were made at both Reynolds numbers through the complete 
range of aileron deflection for the model with the true- 
contour aileron and, for the models with the straight-sided 

and beveled ailerons, at a Reynolds number of 9 x 10 0 
and 6 a = 0° only. In addition, the model with each of 

the th^ee ailerons was tested at a Reynolds number of 

> x 10 b with standard roughness applied to the leading 
edge of the airfoil. For the airfoil with leading-edge 
roughness, only lift, aileron hinge moment, and aileron 
balance pressure were measured through the range of 
aileron deflections. 

The following factors were applied to correct the 
tunnel data to free-air conditions: 

°j - 0.977V 

c d 0 ~ O»994 c d 0 i 

CONFIDENTIAL 


NACA ACR No. L 5 F 27 


CONFI DBKTIAL 


7 


1 .Q ~ X. 006(5.0’ 
a Q = 1.015a o » 

where the primed quantities represent the values measured 
in the tunnel (reference 2). 


PRESENTATION 0? DATA 


For use in aileron design, basic section data are 
presented for a range of aileron deflection in figures 3 
to 9 f° r the true-contour aileron, in figures 10 to Ip 
for the straight-sided aileron, and in figures 16 to 21 
for the beveled aileron. These figures include data for 
the airfoil with aerodynamically smooth surfaces and -with 
standard roughness applied to. the leading edge. 


These basic section data ma 7 be used to predict the 
section hinge-moment characteristics of ailerons of similar 
contour and chord with any amount of sealed Internal 
balance by the following equations: 


Ac 


h 


a 




( 1 ) 


'h 


a bal 


meed aileron 


; h £ 


olain aileron 


- c h. 


( 2 ) 


where 

Acj, increment in aileron section hinge -moment coef- 
ficient produced by an internal-balance 
arrangement 

C’ 0 chord of overhang from aileron hinge axis to 

middle of sealed gap 

c„ chord of aileron behind hinge axis 

8. w 

t twice nose radius of plain aileron 
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Equation (1), in which, ths overhang is assumed to extend 
to the middle of the gap, can he used for determining 
the overhang moments of sealed internally balanced 
ailerons of normal configuration, that is, ailerons for 
which the overhang extends straight forward into the 
balance chamber and the sealed gap width is small. 

The data obtained at a Reynolds number of 1 x 10° 
are not so accurate as those obtained at a Reynolds 
number of 9 x 10° because of the small dynamic pressure. 
The results for the lower Reynolds number, however, are 
believed, to be useful for indicating qualitative effects 
of Reynolds number on the aileron characteristics in 

A a 

the range of Reynolds number from 1 x 10 to 9 x 10 • 

The effects of aileron contour on section char- 
acteristics are compared by means of section parameters. 
Variations of these parameters and. coefficients with other 
independent variables are presented in graphical and 
tabular form. 

The following discussion, ref ers to the data obtained 
at a Reynolds number of 9 x 10 with the airfoil surfaces 
aerodynamic ally smooth unless otherwise stated. 

DISCUSSION 

Aileron Effectiveness 


The effects of aileron contour are shown in table II 
for the aileron section effectiveness parameter a s and 


or 


■l, 


and in figure 22 in which 


a. 


is plotted against 


at a constant c- 


Thickening or beveling the trailing 


edge of the aileron resulted in a decrease in both a 5 
and c 7 ._. The value of the effectiveness parameter a s 

of each^of the three ailerons tested, was slightly greater 
than the value (-O.l4.5O) obtained for a 0.2Cc plain aileron 
of true airfoil contour on an NACA 0009 airfoil section 


(reference 3). The percent loss in 


a? 


due to trai ling- 


edge modifications to the true-contour aileron is given 
in the following table: 
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Ai leron 

Airfoil 

Smooth 

Hough 

True -contour 

0 

k-7 

Straight-sided 

1.5 

h-7 

Beveled 

2.5 

12.1 


The value of the effectiveness parameter 


/a a. 




a, 


o 


o =±20 

d 

when measured over a range of aileron deflection of ±20° 
at a constant section lift coefficient of 0.20 was greater 
for the straight-sided aileron on the airfoil with a smooth 
surface or with leading-edge roughness than for the other 
two ailerons. The value of this parameter for the beveled 
aileron was also greater than for the true-contour aileron 
with the airfoil smooth but was lower with standard 
leading-edge roughness applied to the airfoil. An 
increase in the section lift coefficient from 0.20 to 
r /ia 0 \ 

O.ciO caused the effectiveness oarameter f 

l A5 


' a> 


to decrease for the true-contour aileron and 
for the straight-sided and beveled ailerons. 


6 a =±20“ 

to increase 
The value 


of 


'£a c 

to. 


' a /3 a =±20° 
able because of a 


8 a = 


for the beveled aileron is question- 
jog in the lift curve at c 7 = 0.80 and 


20' (fig. 16(b)). The aileron effectiveness 


decreased slightly when the Reynolds number was 

increased from 1 x 10° to 9 * 10 ^ , as shown in table II 
and figure 22. 


Aileron Hinge Moments 

Section characteristics .- The effect of aileron 
contour on various aileron section hinge-moment parameters 
is presented in table II. Changes in the aileron contour 
from, the true airfoil contour to straight sides or to a 
beveled trailing edge increased the values of c-^ 

and c hg’ positively. It is evident from figure 17(h) 
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that the exact value of c, at a =0° for the 

n CL ^ 

beveled aileron is considerably less than O.OObQ as 
given in table II but, because of the sharp changes in 
the variation of c^ with a Q near a section angle of 
attack of 0 C , an average slope was used for c h 

between values of a of -2° and 2°. An increase in 

f 

the Reynolds number from 1 x 10° to Q x 10° provided a 
positive increase in c h for all three ailerons and 

in °hg - or the beveled, aileron only (table II). A 

comparison of the aileron hinge -moment characteristics 
for a Reynolds number of 9 x 10° (figs. k, 11, and 17) 
shows that as the aileron was thickened and beveled 
near the trailing edge, abrupt changes in c^ occurred 
in the low angle-of-attack range. 


A comparison of figures 17 and 20 shows that the 
abrupt changes in for the beveled aileron disappear 

when roughness is applied to the leading edge of the 
airfoil. The hinge-moment characteristics of a beveled 
aileron, therefore, may bo sensitive to wing-surface 
roughness . 


Data showing the variation of the increments of cv, 

J " k CL 

and with changes in tr ailing-edge angle of various 

ailerons on some NACA airfoil sections are given in refer- 
ence k. When based on the change in trai ling-edge angle 
from the true- airfoil contour, the increments of cv. and 

c h<= for the straight -sided and beveled ailerons with the 
0 

airfoil either smooth or with standard roughness aoplied 
to the leading-edge fall within the experimental scatter 
of the data of reference k. 


The effects of Reynolds number on Ap/q 0 can be 
seen in figure 22. An increase in the Reynolds number 

from 1 x 10 to 9 * 10 decreased the available pressure 
difference across the aileron seal. 


Basis for comp ar ison . - The rate of roll generated by 
the aileron has an Important effect on the hinge moment 
because the rate of roll alters the mean angle of attack 
at which the aileron is operating. For comparison of 
ailerons from section data, therefore, the aileron hinge- 
moment characteristics are usually determined by use of 
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the constant-lift concept, that is, the assumption that 
the^ aileron portion of the wing acts at constant lift 
during a steady roll. In reference 1, however. Gates 
and Irving indicated that the constant-lift concept 
overs tresses the importance of the hinge-moment parameter 
c h a an ^- gave the equation for the rate of change of the 

hinge -moment coefficient with aileron deflection in 
steady roll as 



rather than 




da c h a \ 

65 c v 


( 3 ) 


(4) 


which is the equation for the constant-lift concept. 
Although equation (J) is inadequate for computing 
finite-span characteristics, it is satisfactory for 
comparing the three ailerons of different contour. In 
order to simplify the application of equation ( 3 ) to 
nonlinear curves, the equation was converted to 

Ac h t b y 




nn 



r 

■ / Ac h \ 

\ 6 

n ( A ° h )a 

| 

W 





- -J 



J 

A typical value of 1/5 is given for n in reference 1. 

The value corresponds to several wing-aileron combinations , 
one of which is a wing with an aspect ratio of 9 and with 
a 0.29c aileron having an equal up-and-down deflection 
and extending from 55 percent semispan to the wing tip. 

The value n = — was used in equation (5)* The 

3 

method of analysis used herein is considered suitable 
for comparing the relative merits of the three ailerons. 


The analysis is presented in the form of the equiva- 
lent change in section angle of attack Ac required to 

o 
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maintain a constant section lift coefficient for various 
deflections of the aileron from neutral. The hinge-moment 

]\ C TT 

parameter — , which is the ratio of the increment 

A a 0 /'A5 a 

in hinge-moment coefficient in steady roll (equation (5)) 
to the aileron effectiveness, is plotted against the 
equivalent change in angle of attack. The method of 
analysis takes into account the aileron effectiveness, 
the hinge moment, and the possible mechanical advantage 
between the controls and the ailerons. The span of the 
ailerons and possible effects of three-dimensional flow 
are not considered except as indicated in equation (5)* 
The smaller the value of the hinge -moment parameter for 
a given value of the more advantageous the combina- 

tion should be for providing a lower control force for a 

pb 

given helix angle of the wing tip * — . 

2 V 


Pla in aileron .- In order to compare the plain ailerons 
of different contour, values of the hinge -moment parameter 
ACt- 

— — are plotted against Aa^ in figure 2$. Figure 25 

A a 0 /A5 a 

indicates that thickening and beveling the trailing edge 
of the aileron would improve the control-force character- 
istics of' a sealed-gap 0.20c plain aileron. The applica- 
tion of standard roughness to the airfoil causes the hinge- 
moment parameter to decrease in magnitude for small values 

of Act. and to increase for large values of Aa Q . 

0 


Balanced s Heron .- For comparisons of the three 
ailerons of different contour with sealed internal balance, 
the effects of small changes in the pressure difference 
across the aileron seal and changes in wing roughness are 
important. For a conservative design, the internally 
balanced aileron should be so proportioned as to avoid 
overbalance when the wing has the roughest surface that 
would be expected In service. For the airfoil with 
standard leading-edge roughness , the chord of overhang 
c- necessary to balance each aileron to 

was computed by r eons of th 


c>, = -0.001 

1 X C 

Om 


follow! ng equations t 


°balance 


ni 


°no balance 


ib\ 2 


h) 1 ■« 
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c h 


a balanco 


= c 


h 


“no 


oaianco 


2_a 

2 




(7) 


: h p 

Crp 


The computed ove 
O.396, respectively, tor the 


c b ■ 
n 6 ' 

' 1 

C " 5 


, /q 

b/ a 

v:ere 

o.5: 


(3) 


0 . 531 * and 

- — true -contour , straight-sided, 

ana beveled ailerons. The hinge- moment coefficients for 
tne angl^-of -attache and aileron-deflection ranges were 
then calculated from the data on the hinge -moment and 
seal-pressure-difference coefficients for the plain 

^ use actuations (1) and (2). The approximate 
limiting deflections of the three sealed internally 

true airfoil contour, straight sides. 


balanced ailerons o 

and a beveled trailing edge were ± 15 °, 
respectively. The maximum deflections were 
the lengths of the sealed internal balances 


4- c 


and ±20 c 
Limited by 


For comparison of three sealed internally balanced 
ailerons, values of the hinge— moment r oara r >iet«r 
A c " 

AqT7aS~ are Dlotted against aa n in figure 2k. 

O' B. 

Figure 2k shows that the straight-sided aileron 
s iould provide tb.e aTn*3. lie s t control force of 
the three sealed internally balanced ailerons. The order 
01 merit of the three ailerons changed when the internal 
balance was added because of ,the effects of aileron con- 
tour on the available se&l-pr'essure-difference coefficient 
at the higher aileron deflections. For a wing with a 
smoother surface chan that for which the conservative 
amount of s_ealed internal balance was determined, 
the control force for the straight-sided aileron 
would, change the least of the three ailerons. This 
small change in the control force for the straight- 
olded aileron can be seen in figure 2 if. by a comoarison of 

ACprp 

for the smooth airfoil with those 


the values of 

Aa oA 6 a 

airfoil with standard leading-edge roughness 


for th< 
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Lift 


The 
standard 
slope c 


effects 

airfoil 

for 

a 


of aileron contour, Reynolds number, and 
leading-edge roughness on the lif't-curve 
the NACA 65 - -210 airfoil section with the 

aileron neutral are shown in table II. A study of table I 
shows that c 7 is changed by either roughness or 


Reynolds number 
aileron contour, 
of approximately 
when the aileron 
to straight side 


by less than 2 percent regardless of the 
A reduction in lift-curve slope, however 
2 and 7 percent, respectively , resulted 
was changed from the true airfoil contour 
s or to a beveled trailing edge. 


A comparison of figures J, 1C, and lo shows that for 
the airfoil with smooth surfaces the maximum section lift 
coefficient of the NACA 6c-- -210 airfoil section with the 

Ju 

aileron neutral was approximately 5 percent less for the 
model v/3 th the straight-sided or beveled ailerons than 
with the true-contour aileron. This loss in maximum, sec- 
tion lift coefficient is attributed to the change in 
camber over the rear part of the airfoil section caused 
by the aileron-contour modification. A comparison of fig- 
ures 7, 13? and 19 shows that, for the airfcdl with 
standard leading-edge roughness, the maximum section lift 
coefficient was the same for the true-ccutour and straight 
sided ailerons but that the maximum section lift coeffi- 
cient for the beveled aileron was les3 than that for the 
true-contour aileron. 


Pitching Moment 


The effect of 
pitching moment is 
rate of change of 

which corresponds 


aileron contour on the airfoil section 
shown in table II and figure 22. The 

c,„ ,, with c, becomes less negative, 

m c /k b 

to a forward shift in the aerodynamic 


center, as the aileron contour is 
airfoil contour to straight sides 
edge. This change in 


aerodynamic 


results of references 


j 


and 


6 . 


Reynolds number from 1 * 10 to 
effect on the variation of c. 


an 

o 


m. 


section lift coefficient of 0.20 


/ 14 - 


change d from, the true 
or to a beveled trailing 
center agrees with the 
increase in the 

x 10 ^ had no appreciable 
with 5 a at a constant 

( fig. 22) . 
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Because the charges in section pitching moment of' an 
airfoil induced by aileron deflection are of primary 
importance in determining the lateral-control reversal 
speed, the variation of the increment in section pitching 
moment coefficient Ac.^ ,, with the equivalent change in 

C/L). 

section angle of attack required to maintain a constant 
section lift coefficient was plotted, for the three 
ailerons (fig. 25 ) • The variation of Ac-, , with Act 

: “c/4 


was approximately the same for the 
(fig. 25). The rate of change of 


three 
Ac 


m 


c /6 


ailerons te 
with Act 


is 0.0205, which agrees with the theoretical and 
mental values given in reference 


n 

( 


sted 
o 

xperi- 


Drag 

The effect of aileron contour on the airfoil section 
prof 5 . le-d.rag coefficient is presented in figure 26. 

With the aileron neutral, changes in the aileron contour 
within the range investigated show no significant effect 
on the airfoil section profile-drag characteristics. 

The variation of airfoil section profile-drag coef- 
ficient C(5^ with section angle of attack a,, for 

various aileron deflections is presented in figure 6 for^ 
the true-contour aileron at Reynolds numbers of 1 x 10 ° 

and 9 x 10 . At a Reynolds number of 9 x 10 ^, a low- 
drag " bucket" was realized at all aileron deflections 
(fig. 6). Because the change in C3 with aileron con- 
tour was small with the aileron neutral, the section 
profile-drag characteristics of the airfoil with either 
the straight -sided or beveled aileron deflected would 
probably be the same as for the airfoil with the true- 
contour aileron. 


CONCLUSIONS 


A two-dimensional wind-tunnel investigation was made 
of an NACA 65 q -210 airfoil equipped with three inter- 
changeable sealed-gap 0.20-airfoil-chord plain ailerons 
of different contour. The airfoil was tested with smooth 
surfaces and with standard leading-edge roughness. The 
data obtained indicated the following conclusions: 

1 . Changing the aileron contour by thickening or 
beveling the trailing edge would cause 
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(•a) Ths aileron section effectiveness parameter a§ 
to decrease 

(b) The rate of change of aileron section 
hinge -moment coefficient c h with both section angle 
of attack a 0 and aileron ' deflection 5 0 to 
increase positively 

(c) The rate of change of section lift coeffi- 
cient c ’ with section angle of attack to 

decrease 

( d.) The maximum section lift coefficient to 
decrease 

(e) The aerodynamic center to shift forward 

(f) The increment of section pitching-moment 
coefficient induced by aileron deflection at con- 
stant lift to remain the same 

(g) The section profile-drag coefficient with 
the aileron nexitral to remain substantially unaffected 
throughout the section angle -of- attack range 

2. The application of roughness to the leading edge 
of the airfoil would accentuate the balancing action of 
the aileron and the loss in aileron effectiveness caused 
by beveling the aileron trailing edge. 

3 . The effect of aileron contour on the hinge moments 
of sealed internally balanced ailerons, as computed from 
data on the hinge-moment end seal-pressure-difference coef- 
ficients of nlain ailerons, 3 'nowed an appreciable sl’fect 

of aileron contour on the hinge moments at large aileron 
deflections even though all three ailerons were computed 
to have the same hinge-moment slope at small deflections. 
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TABLE I 

ORDINATES FOR NACA 6^-210 AIRFOIL SECTION 


[stations and ordinates given in 

percent of airfoil chord] CONFIDENTIAL 


Upper surface 

Lower surface 

Station 

Ordinate 

Station 

Ordinate 

0 

•te5 

. 67o 
1.169 
2 .ko8 
4-898 
7-394 
9.89U 
14.899 
19.909 
21+.921 
29.936 

34.95I 

39.968 

44. 984 
50.000 

55.014 

60.027 
65.036 
70.o43 

85.038 

90.028 

95.014 
100.000 

0 

.819 

•999 

1.273 

1-757 

2.491 

3.069 

3-555 

4.338 

4.938 

5-397 

5-732 

5.954 

6.067 

6.056 
5.915 
5.625 
5.217 
4.712 
4 . 128 
3-479 
2.783 

2.057 
1.327 

.622 

0 

0 

.565 

.822 

1.331 

2.592 

5.102 

7.606 

10.106 

15.101 

20.091 

25.079 

30.064 

35.049 

40.032 

45.016 

50.000 

54.986 

im 

69.957 

74.955 

mi 

89.972 
94.960 
100 . 000 

0 

-.719 

-.859 

-I.O59 

-I.385 

-1.859 

-2.221 

-2.521 

-2.992 

-3.346 

-3.607 

-3.788 

-3.894 

-3.868 

-3.709. 
-3.435 
-3.075 
-2.652 
-2 . 184 
-I.689 
-1.191 
-.711 
-.293 
.010 

0 


L.E. radius: O.687 

Slope of radius through L.E.: 0.08425 


CONFIDENTIAL 


NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 


CONFIDENTIAL 


TABLE II.- SECTION PARAMETERS MEASURED AT a =0° AND = 0° 

O fl 


EXCEPT FOR f — 2-j MEASURED AT Oj = 0.20 AND Cj = 0.80 

V *' 0 ^+ 20 ° 


Surface 

(1) 

R 

° l a 

c 7 

a 6 

(2) 

(3) 

Cy, 

h a 

C h 6 

p a 

P 6 

C "a 

c_ 

m c 

True-contour aileron 

Smooth 

*ough 

Smooth 

9 x io 6 
9 x io 6 

1 x 10 6 

0.108 

.107 

.106 

0.052 

.Q49 

.055 

-0.472 

-.450 

-.490 

-0.455 

-.428 

-.48o 

-0.449 

-0.0066 

-.0062 

-.0092 

-0.0156 

-.0122 

-.0154 

0.025 

.024 

0.075 

.075 

-0.0017 

-0.0100 

— 

-.0008 

-.0100 

Straight-sided aileron 

Smooth 

Rough 

Smooth 

9 X 10 6 
9 X 10 6 
1 x 10 6 

0.106 

.105 

.105 

0.050 

.ol*7 

.051 

-0.465 

-.450 

-.485 

-0.465 

-.435 

-.480 

-0.480 

-0.0050 

-.001*0 

-.0071 

-0.0112 

-.0110 

-.0115 

0.029 

.025 

0.074 

.074 

-0.0007 

-0.0094 



-.0002 

-.0104 

Beveled aileron 

Smooth 

Rough 

Smooth 

9 x io 6 

9 X 10 6 
1 X io 6 

0.100 

.100 

.099 

0.01+6 

.042 

.047 

-0.460 

-.415 

-•475 

-0.459 

-.400 

-*454 

-0.470 

0.0069 

.0019 

-.0027 

-0.0070 

-.0059 

-.0100 

0.026 

.024 

0.079 

• 077 

0.0010 

-0.0086 

— - 

-.0001 

-.0098 


^"Smooth* and "Rough" refer to the airfoil with aerodynamically smooth surfaces and with standard 
leading-edge roughness. 

2 Cj = 0.20. 

5 Cj = 0.80. CONFIDENTIAL 
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Figure 1.- NACA 65^210 airfoil section with aileron, as tested in the 
Langley two-dimensional lo w- tu rbul ence pressure tunnel. 
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Figure 2 Sketch of the three sealed-gap plain ailerons on the 
NACA 65 1 -210 airfoil section. 
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Section angle of attack, a ( 


(a) R = 1 x io°. 

Figure 3 Lift and pitching-moment characteristics of an NACA 65^210 

airfoil section equipped with a sealed- gap 0.20c plain aileron of true 
airfoil contour. TBsts, TDT 81+7, 81*9, and 85 O. 
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Fig. 3b 



Figure 3 


Concluded 
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Fig. 4b 
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Fig. 5a 
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Fig. 5b 



(t>) r = 9 x io 6 . 
Figure 5 


Concluded 




(a) R = 1 x 10 6 . 

Figure 6 Drag characteristics of an NACA 65^-210 airfoil section equipped with a sealed-gap 0.20c plain 
aileron of true airfoil contour. Tests, IDT 8I4.5, 8J4.7, and 81+8. 
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(to) R = 9 * 10 6 . H- 
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Figure 6 Concluded. • 
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Figure 7 .- Lift characteristics of an NACA 65i~210 airfoil section 
equipped with a sealed-gap 0.20c plain aileron of true airfoil 
contour. Standard leading-edge roughness; R = 9 x 10°; test, 

TDT 869. 
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Figure 8.- Hinge-moment characteristics of a sealed-gap 0.20c plain aileron of true 
airfoil contour on an NACA 65^210 airfoil section having standard leading-edge 
roughness. R = 9 x 10^; test, TDT 868. 
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Fig. 



Figure 9 .- Pressure difference across the gap seal of a 0.20c plain aileron of true 
airfoil contour on an NACA 65^-210 airfoil section having standard leading-edge 
roughness. R = 9 x 10 ^; test, TDT 869 . 
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Figure 10.- Lift and pitching-moment characteristics of an NACA 65-^210 airfoil section 
equipped with a sealed-gap 0.20c plain aileron with straight sides. Ttests, IDT 85I4., 86l. 
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(b) R = 9 x 10 6 . 
Figure 10.- Concluded. 
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Section angle of attack, a, 


(b) R = 9 x 10 6 . 
Figure 11.- Concluded. 
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Fig. 12a 



Figure 12.- Pressure difference across the gap seal of a 0.20c plain aileron with straight 
sides on an NACA 65i~210 airfoil section. Test, TOT 854* 
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(b) r = 9 x io b . 

Figure 12.- Concluded. 
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Figure 13 .- Lift characteristics of an NACA 65.-210 airfoil section 
equipped with a sealed-gap 0.20c plain aileron with straight sides. 
Standard leading-edge roughness; R = 9 x 106. test, TDT 861*. 
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Section angle of attack 


Figure llj.,- Hinge-moment characteristics of a sealed-gap 0 , 20 c plain aileron with 
straight sides on an NACA 653-210 airfoil section having standard leading-edge 
roughness. R = 9 x 10^ ; test, TDT 86 3. 


Seal-pressure-difference coefficient. 
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Figure 15.- Pressure difference across the gap seal of a 0.20c plain aileron with 
straight sides on an NACA 65^-210 airfoil section having standard leading-edge 
roughness. R = 9 x 10 ^; test, TDT 861;. 
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Section angle of attack, a Q , deg 
(a) R = 1 x 10 6 . 

Figure 16.- Lift and pitching-moment characteristics of an NACA 65 ^- 2.10 airfoil equipped 
with a sealed-gap 0.20o plain aileron with beveled trailing edge. Tssta, IDT 858 , 859 . 
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Fig. 17a 



(a) R = 1 x 10 6 . 

Figure 17*- Hinge-moment characteristics of a sealed-gap 0.20c plain aileron with 
beveled trailing edge on an NACA 65 x -210 airfoil section. Test, IDT 862. 
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Plgure 18 .- Pressure difference across the gap seal of a 0,20c plain aileron with 
beveled trailing edge an an NACA 65-^10 airfoil section. Test, TOT 859 . 


Section angle of attack, a Q , deg 
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Fig. 18b 
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Sac t Ion angle of attack 


(b) R = 9 x 10 6 . 
Figure 18.- Concluded 
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Figure 19.- Lift characteristics of an NACA 65 i« 210 airfoil section 
equipped with a sealed-gap 0.20c plain aileron with beveled trail 
ing edge. Standard leading-edge roughness; R = 9 x 10 * test, 

•IDT 866. 
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Figure 20.- Hinge-moment characteristics of a sealed-gap 0.20c plain aileron with 
beveled trailing edge on an NACA 65^-210 airfoil section having standard leading- 
edge roughness. R = 9 x 10^; test, TDT 865 . 
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Figure 21.- Pressure difference across the gap seal of a 0.20o plain aileron with 
leveled trailing edge on an NACA 65 i- 210 airfoil section having standard leading- 
edge roughness. R = 9 x l° 6 i test « TOT 866 • 
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Fig. 22a 



(a) ft*ue-contour aileron. 

Figure 22 Variation of aerodynamic characteristics with aileron 
deflection at a constant section lift coefficient of 0.20 for 
an NACA 65i“210 airfoil section equipped with three interchange- 
able s-eaied-gap 0.20c plain ailerons of different contour. 
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Aileron section hinge-moment coefficient 


Section pitching-moment coefficient, o m Section angle of attack 
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Fig. 22b 



(b) Straight -aided aileron 
Figure 22.- Continued. 
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Fig. 22c 
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(c) Beveled aileron. 
Figure 22.- Concluded 
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Fig. 23a, b 
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(b) Airfoil with standard leading-edge roughness. 


Figure 23.- 


Variation of the hinge-moment parameter 


ACtt 

T _ with equivalent change in 
aa o/46 a 


section angle of attack required to maintain a constant section lift coefficient of 
0.20 for deflection of sealed-gap 0.20c plain ailerons of different contour on an 
NACA 65 1 -210 airfoil section. R = 9 x 10°. 
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Fig. 24a, b 
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Straight -sided 
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(b ) Airfoil with standard leading-edge roughness. 


Figure 21;.- Variation of the hinge -moment parameter 



with equivalent change 


Aa o /A0 a 

in section angle of attack required to maintain a constant section lift coefficient 
of 0.20 for deflection of sealed 0.20c internally balanced ailerons of different 
contours on an NACA 65^210 airfoil section. R = 9 x 10^. 
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Figure 25.- Variation of increment of section pitching-moment coefficient of an 
NACA 651-210 airfoil section with equivalent change in section angle of attack 
required to maintain a constant section lift coefficient of 0.20 for deflection 
of the three sealed-gap 0.20c plain ailerons of different contour. B - 9 x 10°. 



